Neurotrophin-dependent tyrosine phosphorylation of Ras guanine-releasing factor 1 and associated neurite outgrowth is dependent on the HIKE domain of TrkA.
Ras guanine-releasing factor 1 (RasGrf1), a guanine nucleotide exchange factor for members of the Ras and Rho family of GTPases, is highly expressed in the brain. It is regulated by two separate mechanisms, calcium regulation through interaction with its calcium/calmodulin-binding IQ domain and serine and tyrosine phosphorylation. RasGrf1 is activated downstream of G-protein-coupled receptors and the non-receptor tyrosine kinases, Src and Ack1. Previously, we demonstrated a novel interaction between the intracellular domain of the nerve growth factor-regulated TrkA receptor tyrosine kinase and an N-terminal fragment of RasGrf1. We now show that RasGrf1 is phosphorylated and interacts with TrkA, -B, and -C in co-transfection studies. This interaction and phosphorylation of RasGrf1 is dependent on the HIKE domain of TrkA (a region shown to interact with pleckstrin homology domains) but not on any of the phosphotyrosine residues that act as docking sites for intracellular signaling molecules such as Shc and FRS-2. The PH1 domain alone of RasGrf1 is sufficient for phosphorylation by the TrkA receptor. A potential role for Trk activation of RasGrf1 is suggested through transfection studies in PC12 cells in which RasGrf1 significantly increases neurite outgrowth at low doses of neurotrophin stimulation. Notably, this neurite outgrowth is dependent on an intact HIKE domain, as nnr5-S10 cells expressing a TrkA HIKE domain mutant do not exhibit potentiated neurite outgrowth in the presence of RasGrf1. These studies identify RasGrf1 as a novel target of neurotrophin activation and suggest an additional pathway whereby neurotrophin-stimulated neurite outgrowth may be regulated.